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ABSTRACT 
This research investigated the effects of polymer concentration, molecular weight polymer 
and type of polymer on the morphology of electrosprayed microparticles by Scanning Electron 
Microscopy. Electrospraying process has been studied to produce nano- and micro- particles for 
drug carrier application because of high loading capacity and high encapsulation efficiency. 
Controlling morphology and structure of electrosprayed particles can decide the release of drug 
from these particles. Particles were hollow and wrinkled semi-spheres as using low polymer 
concentration while wrinkled spheres as using higher polymer concentration. The electrosprayed 
particles obtained spherical morphology when the polymer concentration is high enough to 
generate significant chain entanglements. The results also indicated that high molecular weight 
polymer could produce spherical microspheres, even with low polymer concentration. The 
electrospraying process fabricated the microspheres from biodegradable PLA and PCL for drug 
carrier application. 
Keywords: electrospray, microparticle, morphology, microsphere. 
1. INTRODUCTION 
The biodegradable polyesters, such as Polylactic acid (PLA) and Polycaprolactone (PCL), 
were used to produce drug loaded microparticles by several methods like micro-emulsion, 
solvent evaporation, spray drying, ionic gelation, etc. [1]. Electrospraying is an effective process 
to fabricate the polymeric microparticles for drug delivery systems because of the high loading 
capacity (LC) and the high encapsulation efficiency (EE) [2 - 17]. Bovine serum albumin (BSA) 
was encapsulated by PLA particle with high EE (81  %) and LC (91 %) [2]. Valo et al. 
investigated that the hydrophobic drug - Beclomethasone dipropionate (BDP) and the 
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hydrophilic drug Salbutamol sulfate (SS) were loaded by PLLA microparticles with EE = 54 % 
and 56 % [3]. The mechanism of drug release of the polymeric microparticles is as follows: the 
burst release of drug which occurs on the surface of particles while the slow and balance release 
of drug which is inside of the particles [4]. Morphology and structure of electroprayed particles 
influenced on the release of drugs. Therefore, controlling the size and morphology of 
microparticles was able to control the release of drugs [2, 5 – 7]. In addition, the polymeric 
intermolecular entanglement is a key factor to produce microparticles during the electrospraying 
process. The polymer concentration and molecular weight are responsible for forming the chain 
entanglements which leads to solid and reproducible microparticles when the significant degree 
of entanglement is obtained [8 – 10]. At low polymer concentration, there is no or a few chain 
entanglements, thus electrosprayed particle is a film or a semi-sphere.  In case, polymer 
concentration is so high that chain entanglements increase rapidly, beaded fibers and event fibers 
will be created. The electrosprayed particles obtain spherical morphology when the polymer 
concentration is high enough to generate significant chain entanglements [12, 13]. The research 
of Meng et al. has shown that although PLGA concentration was low, the high molecular weight 
could also produce spherical particles. That demonstrates that high molecular weight could 
supply the deficiency of a low polymer concentration [9]. A high molecular weight increases the 
formation of the entanglements because the polymer chains are longer and overlap easier. With 
high molecular weight or high concentration, the polymer solution occurs with highly density of 
polymeric entanglements and this caused the undesirable morphologies like as tapered particles, 
fibers, etc. [14]. The polymer entanglements into the electrosprayed droplets have time to 
arrange and shrink during solvent evaporation, leading to solid particles in the collector. 
This research determined the effects of polymer concentration, molecular weight polymer 
on the morphology of electrosprayed microparticles by Scanning Electron Microscopy. The 
electrospraying microspheres were established when the number of chain entanglements was 
obtained at a suitable value. The size and morphology of particles can be controlled by carefully 
changing electrospraying parameters, especially the nature of polymer solution. In future work, 
the influence of morphology and structure of microparticles on drug release was investigated. 
2. MATERIALS AND METHODS 
2.1. Materials 
Polylactic Acid (PLA) (Mw = 180 kDa and Mw = 80 kDa) and Polycaprolactone (PCL) 
(Mw = 75 kDa), were purchased from Sigma-Aldrich. 
Chloroform was purchased from Prolabo– France, HPLC grade. 
Acetone was purchased from Merck– Germany, HPLC grade. 
2.2. Solution preparation 
Sprayed solutions were prepared by adding polymer to solvent with predetermined 
quantities (w/w) as described in Table 1. The polymeric solutions were stirred using a magnetic 
stirrer for 2-3 hours at room temperature. 
 
 
 
Fa
F
2.3
fir
ch
cov
gau
the
brication bio
ormulation 
F1 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
F10 
. Micropar
The electr
st added into
arged by the
ered with a
ge, flow ra
 collector, t
degradable 
Tabl
PLA 
Mw = 180 k
1 % 
2 % 
3 % 
0 % 
0 % 
0 % 
0 % 
3 % 
0 % 
0 % 
ticle produc
ospraying s
 a syringe p
 high voltag
luminum fo
te, applying
he solvent e
polyester mi
e 1. Composi
Da Mw 
tion 
Figure 1. Se
etup was illu
ump with s
e supplier. T
il. The elect
a voltage an
vaporated a
crospheres b
tion of electro
PLA 
= 80 kDa 
0 % 
0 % 
0 % 
0 % 
0 % 
0 % 
3 % 
0 % 
0 % 
5 % 
tup for electr
strated as sh
tainless stee
he negative
rospraying p
d collecting
nd polymer
y electrospr
sprayed solut
PCL
Mw = 75 kD
0 % 
0 % 
0 % 
1 % 
3 % 
5 % 
0 % 
0 % 
4 % 
0 % 
ospraying pro
own in Figu
l needle on 
 electrode w
rocess was 
 distance. A
 micro-parti
aying metho
ions (w/w). 
a Aceton
0 % 
0 % 
0 % 
0 % 
0 % 
0 % 
24.2 %
24.2 %
0 % 
0 % 
cess. 
re 1. The po
top, then the
as attached 
executed by
s the drople
cles were co
ds for drug 
e Chlor
99
98
97
99
97
95
 72.
 72.
96
95
lymer soluti
 needle was
to the collec
 changing th
t accelerate
llected in a
carrier… 
101 
oform 
 % 
 % 
 % 
 % 
 % 
 % 
8 % 
8 % 
 % 
 % 
 
ons were 
 positive 
tor plate 
e needle 
d toward 
luminum 
10
foi
pro
rem
2.4
Mi
Vi
ran
3.1
hap
we
fab
Fi
2 
l. All elect
ducts were 
ove solven
. Morpholo
Morpholo
croscopy (S
etnam. Samp
ged 3-5 kV 
. Effect of s
When ele
pened cont
re responsib
The resu
ricated diffe
Figure 2. 
(a) 1 % PLA
gure 3. SEM 
(a) 1 %
rospraying 
collected w
t completely
gy of partic
gy of micr
EM) – Japa
les analyse
during scann
olution con
ctrosprayin
emporaneou
le for the mo
lts indicated
rent morpho
SEM images 
, (b) 2 % PLA
dist
images of mi
, (b) 3 %, (c) 5
were carried
ith an alum
. 
le 
oparticles w
n at Nanote
d by SEM w
ing.  
3. RESU
centration
g polymer 
sly in the el
rphology of
 that chlor
logies of ele
of micro parti
, (c) 3 % PLA
ance = 20 cm
cro particles f
 %, voltage = 
 out at ro
inum foil a
as investig
chnology La
ere prepare
LT AND D
solutions, s
ectrosprayed
 micropartic
oform solu
ctrosprayed
cles from PLA
. Electrospra
, flow rate = 
rom PCL solu
12 kV, collect
needle gauge
 Ngu
om tempera
nd were dri
ated by Hit
boratory, R
d with carbo
ISCUSSIO
olvent evap
 droplets. C
les. 
tion with d
 particles.  
 (Mw= 180k
ying paramet
1 ml/h, voltag
tion with chl
ing distance = 
 20 G. 
yen Vu Viet 
ture. After 
ed in vacuu
achi S-4800
&D Center, 
n tape. The
N 
oration and
hain entangl
ifferent pol
Da) solution 
ers: needle ga
e = 24 kV. 
oroform in di
10 cm, and flo
Linh, Huynh
electrospray
m for 1 - 2
 Scanning 
Saigon Hi-t
 accelerating
 polymer 
ements occu
ymer conce
with chlorofo
uge 18G, col
fferent concen
w rate: 1 ml/h
 
 
 Dai Phu 
ing, the 
 days to 
Electron 
ech Park 
 voltage 
diffusion 
rred and 
ntrations 
 
rm.               
lecting 
 
trations:       
,                      
            
            
          
 
 
Fa
(1 
con
ho
mi
mi
(1 
fib
ph
dro
dro
3.2
gau
par
Th
mo
4a
hig
3.3
the
im
dep
mi
brication bio
In Figure 
% PLA) an
centrations
llow semi-s
crospheres b
crospheres w
% PCL) for
er at 5 % PC
SEM mic
enomenon w
plets was s
plet center a
. Effect of p
Figure 4. S
(vol
Despite o
ge, flow r
ticles from 
e particles f
rphology of
). This was 
her, leading
. Effect of P
SEM pict
 electrospra
portant fact
ends on the
crosphere is
degradable 
2, the partic
d a wrinkle 
, there were
pherical sha
ecause of in
as obtained
med wrinkle
L concentra
rographs sh
as related to
olidified be
nd caused th
olymer mo
EM images o
tage: 24 kV, c
f using the 
ate, distance
high and low
rom Format
 particles fr
explained th
 to increasin
olymer typ
ures indicate
yed micros
or to effect 
 desirable d
 suitable for
polyester mi
le morpholo
sphere with
 fewer of 
pe. The hi
creasing th
 only when 
d semi-sphe
tion (Fig. 3a
owed that 
 the evapora
cause of so
e surface pa
lecular weig
f PLA electro
ollecting dist
same electr
 collector, 
 molecular 
ion F8 were
om Formati
at the lengt
g of intermo
e 
d that when
pheres could
on the mor
egradation o
 drug delive
crospheres b
gy was a hol
 higher PLA
chain entang
gher PLA 
e polymer c
the PCL solu
rical shape, 
 and c). 
all electros
tion of solv
lvent evapo
rticles wrin
ht 
sprayed partic
ance: 20 cm, 
ospraying p
and especia
weight PLA
 wrinkled an
on F8 were 
h of PLA c
lecular entan
 the chlorof
 be fabrica
phology an
f polymer o
ry which ne
y electrospr
low semi-sp
 concentrati
lements thu
concentratio
hain entang
tion was 1
whereas the
prayed part
ent. During 
ration. The
kled (Fig. 2 
les with (a) F
flow rate: 1 m
arameters, in
lly PLA co
 ( Mw = 180
d distorted 
discs and ho
hain of high
glements fo
orm was use
ted (Fig. 5
d size of p
n biomedica
eds long tim
aying metho
here with lo
on (2 % an
s the partic
n could pro
lements. In 
% (Fig. 3b).
 particle mor
icles had w
flying to the 
n, solidified
and 3). 
ormation F7,
l/h, needle ga
cluding app
ncentration,
 kDa and 80
microsphere
llow semisp
 molecular 
rmation. 
d to dissolv
). Type of p
articles. Cho
l application
e to release
ds for drug 
w PLA conc
d 3 %). At 
le morphol
duce electr
the case of 
 A low conc
phology wa
rinkle surfa
collector, th
 skin move
 (b) Formatio
uge 20 G). 
lied voltag
 the morph
 kDa) was 
s (Fig. 4b) w
heres in sh
weight poly
e different p
olymer wa
osing polym
s. For instan
 drug, wher
carrier… 
103 
entration   
low PLA 
ogy was 
osprayed 
PCL, the 
entration 
s beaded 
ces, this 
e skin of 
d to the 
 
n F8.        
e, needle 
ology of 
different. 
hile the 
ape (Fig. 
mer was 
olyester, 
s not an 
er type 
ce, PCL 
eas PCL 
10
mi
de
par
ent
mo
hig
the
cou
adj
Ac
HC
1
2
3
4 
crosphere is
grade PCL th
Figure 5. 
(Mw = 
Polymer c
ticles. High
anglements 
rphology w
h concentra
 surface of e
The resul
ld be prod
usting fabric
knowledgmen
M) under gra
. Chakrab
techniqu
1043-105
. Xu Y. 
polylacti
profile o
. Valo H.,
Electrosp
Nanopar
 useful for 
an PLA, so
SEM images 
80 kDa), (b) 4
hain entang
 polymer c
easier beca
as a hollow a
tion, chain e
lectrospraye
t indicated t
uced by ele
ation param
t. This resea
nt number B2
orty S., Liao
e to fabricate
4. 
and Hanna 
de: Effects 
f particles, In
 Peltonen L.
ray Encapsu
ticles, Small 
shorter drug
 that the rele
of electrospra
 % PCL (Mw
flow rat
4
lements wer
oncentration
use of the 
nd wrinkled
ntanglement
d particles w
hat the biod
ctrospraying
eter. 
rch is funded
015 -20a-01.
 I.-C., Adle
 drug deliver
M. A. - E
of formulatio
ternational jo
, Vehviläine
lation of Hy
 5 (15) (2009
 delivery. T
ase of drug f
yed particles 
 = 75 kDa), v
e: 1 ml/h, nee
. CONCLU
e responsibl
 and high
increasing o
 semi-spher
s are easily 
as wrinkle 
egradable p
 and the m
 by Vietnam
 
REFEREN
r A., and L
y systems, A
lectrospray 
ns on morp
urnal of pha
n S., Karjala
drophilic an
) 1791-1798
 Ngu
he reason i
rom inside P
from chlorofo
oltage: 15 kV
dle gauge 20G
SION  
e for the fin
molecular w
f chain ove
e because ch
obtained the
due to high s
olyester mic
orphology 
 National Un
CES 
eong K. W. 
dvanced dru
encapsulatio
hology, enc
rmaceutics  3
inen M., Ko
d Hydropho
. 
yen Vu Viet 
s that it wa
CL particle
rm solution w
, collecting d
. 
al morpholo
eight poly
rlap. At low
ain entangle
 spherical m
olvent evap
rospheres su
of them cou
iversity Ho 
- Electrohyd
g delivery re
n of water-
apsulation e
20 (1) (2006
stiainen R., L
bic Drugs in
Linh, Huynh
s take more
s was longer
ith (a) 5 % P
istance: 15 cm
gy of electr
mer produc
 concentra
ment was lim
orphology. H
oration. 
ch as PCL 
ld be contr
Chi Minh Ci
rodynamics
views  61 (1
soluble prot
fficiency an
) 30-36. 
aaksonen T
 Poly (L‐la
 
 
 Dai Phu 
 time to 
. 
 
LA                
,                  
osprayed 
ed chain 
tion, the 
ited. At 
owever, 
and PLA 
olled by 
ty (VNU-
: a facile 
2) (2009) 
ein with 
d release 
., et al. - 
ctic acid) 
         
                       
 
 
Fabrication biodegradable polyester microspheres by electrospraying methods for drug carrier… 
105 
4. Freiberg S. and Zhu X. X. - Polymer microspheres for controlled drug release, International 
Journal of Pharmaceutics  282 (1–2) (2004) 1-18. 
5. Bock N., Woodruff M. A., Hutmacher D. W., and Dargaville T. R. - Electrospraying, a 
reproducible method for production of polymeric microspheres for biomedical applications, 
Polymers  3 (1) (2011) 131-149. 
6. Bohr A., Kristensen J., Stride E., Dyas M., and Edirisinghe M. - Preparation of microspheres 
containing low solubility drug compound by electrohydrodynamic spraying, International 
journal of pharmaceutics  412 (1) (2011) 59-67. 
7. Enayati M., Ahmad Z., Stride E., and Edirisinghe M. - One-step electrohydrodynamic 
production of drug-loaded micro-and nanoparticles, Journal of the Royal Society, Interface/the 
Royal Society  7 (45) (2010) 667. 
8. Jafari‐Nodoushan M., Barzin J., and Mobedi H. - Size and morphology controlling of PLGA 
microparticles produced by electro hydrodynamic atomization, Polymers for Advanced 
Technologies  26 (5) (2015) 502-513. 
9. Meng F., Jiang Y., Sun Z., Yin Y., and Li Y. - Electrohydrodynamic liquid atomization of 
biodegradable polymer microparticles: Effect of electrohydrodynamic liquid atomization 
variables on microparticles, Journal of applied polymer science  113 (1) (2009) 526-534. 
10. Arya N., Chakraborty S., Dube N., and Katti D. S. - Electrospraying: a facile technique for 
synthesis of chitosan-based micro/nanospheres for drug delivery applications, J Biomed Mater 
Res B Appl Biomater  88 (1) (2009) 17-31. 
11. Enayati M., Ahmad Z., Stride E., and Edirisinghe M. - Size mapping of electric field-assisted 
production of polycaprolactone particles, Journal of the Royal Society, Interface/the Royal 
Society  7 (2010) S393-402. 
12. Gupta P., Elkins C., Long T. E., and Wilkes G. L. - Electrospinning of linear homopolymers 
of poly (methyl methacrylate): exploring relationships between fiber formation, viscosity, 
molecular weight and concentration in a good solvent, Polymer  46 (13) (2005) 4799-4810. 
13. Shenoy S. L., Bates W. D., Frisch H. L., and Wnek G. E. - Role of chain entanglements on 
fiber formation during electrospinning of polymer solutions: good solvent, non-specific 
polymer–polymer interaction limit, Polymer  46 (10) (2005) 3372-3384. 
14. Bock N., Dargaville T. R., and Woodruff M. A. - Electrospraying of polymers with 
therapeutic molecules: state of the art, Progress in polymer science  37 (11) (2012) 1510-1551. 
15. Huynh D. P., Ngoc. L. A. V. and Nguyen T. D. - Fabrication of curcumin-loaded micro-nano 
poly ε-caprolactone (PCL) fibers through electrospinning method, Journal of Science and 
Technology 53 (2B) (2015) 1-10. 
16 Nguyen T. D., Ngoc. H. D. and Huynh D. P. - Research on micro-nano chitosan spheres 
fabricated by electrospraying for insulin delivery system, Journal of Science and Technology 
53 (2B) (2015) 11-20. 
17 Hoai K. T., Nguyen T. D. and Huynh D. P. - Fabrication of paclitaxel-loaded electrospun 
polylactic acid micro-nano fibers., Journal of Science and Technology 53 (2B) (2015) 73-80. 
 
 
 
 
 Nguyen Vu Viet Linh, Huynh Dai Phu 
106 
TÓM TẮT 
CHẾ TẠO CÁC VI CẦU POLYESTE PHÂN HỦY SINH HỌC BẰNG PHƯƠNG PHÁP 
ELECTROSPRAYING ỨNG DỤNG LÀM HỆ MANG THUỐC 
Nguyễn Vũ Việt Linh1, 2, Huỳnh Đại Phú1,2, * 
1Khoa Công nghệ vật liệu, Trường Đại học Bách khoa, ĐHQG-HCM, 268 Lý Thường Kiệt,                   
Phường 14, Quận 10, Tp.HCM 
2Phòng Thí nghiệm trọng điểm Quốc gia về Vật liệu polyme và Compozit, Trường Đại học                         
Bách khoa, ĐHQG-HCM, 268 Lý Thường Kiệt, Phường 14, Quận 10, Tp.HCM 
*Email: hdphu@hcmut.edu.vn 
Nghiên cứu này khảo sát ảnh hưởng của nồng độ polyme, trọng lượng phân tử polyme và 
loại polyme lên hình thái của các vi hạt được chế tạo từ phương pháp electrospray bằng kính 
hiển vi điện tử quét. Phương pháp electrospraying đã được nghiên cứu để chế tạo các hạt nano –
micro ứng dụng để mang thuốc bởi vì khả năng mang thuốc và hiệu quả giữ thuốc cao. Điều 
khiển hình thái và kích thước các vi hạt electrosprayed có thể quyết định quá trình giải phóng 
thuốc từ những vi hạt này. Các hạt bán cầu rỗng và nhăn được tạo thành khi nồng độ polyme 
thấp trong khi các hạt cầu được tạo thành ở nồng độ polyme cao. Các vi hạt electrosprayed đạt 
được hình thái cầu khi nồng độ polyme đủ cao để phát sinh hiệu quả các chuỗi rối. Các kết quả 
cũng cho thấy, trọng lượng phân tử polyme cao cũng tạo được vi cầu, thậm chí ở nồng độ thấp. 
Phương pháp electrospray chế tạo được các vi cầu từ các polyme phân hủy sinh học PCL, PLA 
ứng dụng làm vật liệu mang thuốc. 
Từ khóa: electrospray, vi hạt, hình thái, vi cầu. 
 
